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[57) ABSTRACT

The invention relates to a mechanical press and in par-
ticular to a means for achieving thermal stability, partic-
ularly shutheight stability, by utilizing the waste heat
from lubricant circulated through the drive assembly to
heat the uprights. The oil is circulated through the
crankshaft and connection arm assembly in the crown
and then caused to flow through a thermal transfer
device mounted to each of the uprights wherein the
heated o1l transfers a portion of its heat to the uprights
so that they elongate due to thermal expansion at the
same rate as the connection arms. The thermal transfer
devices comprise a plurality of baffles over and through
which the oil flows under gravity or pressure, wherein
the baffles cause the oil to form a plurality of vertically
spaced pools in good thermal contact with the uprights.
By adjusting the baffle structure so that the oil flows
downwardly at a higher or lower rate, the amount of
thermal transfer can be adjusted to ensure that equal
thermal growth of the uprights and connections occurs.

17 Claims, 12 Drawing Figures
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METHOD AND APPARATUS FOR ACHIEVING
THERMAL STABILITY IN A PRESS

BACKGROUND OF THE INVENTION

The present invention relates to a mechanical press of
the type used for metal stamping and forming, and in
particular to 2 method and apparatus for maintaining a
constant shutheight by compensating for thermal
growth of the connections. |

Conventional mechanical presses comprise a bed
which is mounted to a platform or the floor of the shop,
a vertically spaced crown portion in which the drive
assembly is contained, and one or more uprights rigidly
connected to the bed and crown and maintaining the
bed and crown in vertically spaced relationship. The
crown contains the drive assembly, which typically
comprises a crankshaft having one or more eccentrics
thereon and connection arms connected to the eccen-
trics of the crankshaft at their upper ends and to the
slide at their lower ends. The slide is mounted within
the uprights for vertical reciprocating motion and may
be guided in a number of ways, such as by gibs on the
uprights themselves or on guideposts rigidly connected
to the bed and crown.

At one end of the crankshaft there may be mounted a
filywheel and clutch assembly wherein the flywheel is
connected by a belt to the cutput pulley of a motor so
that when the motor is energized, the massive flywheel
rotates. When the clutch is energized, the rotary motion
of the flywheel is transmitted to the crankshaft thereby
causing the connection arms to undergo rotary-oscilla-
tory motion that is transmitted to the slide assembly by
means of a wrist pin, for example, so that the rotary-
oscillatory motion is converted to straight reciprocating
motion. These slides reciprocate in the generally verti-
cal direction or in a slightly inclined direction in the
case of an open back inclined press thereby causing the
die mounted to the slide to engage stock fed into the
press on each downward movement of the slide. The
other half of the die set is mounted to a bolster which in
turn is mounted to the bed of the press.

As the press operates, frictional heat i1s generated at
each place where there is an interface between two
moving parts. Examples of sources of frictional heat
include the motion between the crankshaft eccentrics
and the connection bearings between the crankshaft and
the connection arm bearing for the dynamic balancer
weight, between the crankshaft and the main bearings,
and between the guideposts and their associated bush-
ings. Although much of this heat is dissipated by the oil
recirculation system and directly to the ambient, the
press itself, particularly the elements of the drive assem-
bly, experience an increase in temperature. This temper-
ature increase is particularly troublesome with regard
to the connections between the crankshaft and the shde
because the increase in temperature results in a thermal
expansion of the connections thereby increasing their
length. As the connections increase in length, the shu-
theight of the press, which is the distance between the
slide and bolster at the bottom of the slide stroke, de-
creases.

If the press shutheight is adjusted to the desired level
when the press is cold, then as the press warms up,
faulty parts will be produced because of the overexten-
sion of the stroke. Conversely, if the press shutheight is
adjusted for operating temperatures, then faulty parts
will be produced during the thermal warmup period.
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When performing precision coining and embossing -
operations, strict maintenance of the press shutheight is
imperative. Although the press can be run for a period
of time to warm it up to the normal operating tempera-
ture, this may require several hours and needlessly ex-
pends energy. Interim adjustments in the press shu-
theight could be made during operation, but this would
result in considerable press down time with a concomi-
tant loss of production.

By causing the press uprights to elongate at the same
rate as the connections, the thermal growth of the con-
nections could be compensated for and the press shu-
theight would remain stable. Although the press up-
rights increase in temperature over time as the press
warms up, they do so at a much lower rate than the
connections due to their substantially larger mass and
exposure to the ambient. Furthermore, the uprights are
located at positions remote from the source of the fric-
tional heat, which is generated primarily by the drive
assembly located in the crown.

One prior attempt to cause the uprights to elongate in
order to compensate for the thermal growth of the
connections comprises placing in the uprights thermal
heaters of the electrical resistance type. In addition to
causing a potential fire hazard or the danger of burns to
the operator, the electric heaters were not satisfactory
because of the control circuitry necessary to regulate
their operation. Because the connections can heat up at
different rates depending on the ambient temperature,
the effects of the press sound enclosure, and the like, it
would be necessary to monitor the temperature of the
connections or the shutheight and then regulate the
electric heaters accordingly. Due to the existence of a
number of points at which malfunctions could occur,
systems of this type have not proven to be satisfactory.
An additional drawback is that they require an external
source of energy to energize the electric resistance
heaters.

The problem which has occurred in the past in con-
nection with presses of the general type described
above is that of lateral expansion of the crown area at a
rate faster than the expansion of the bed. Since the

" crown contains the moving parts and the oil circulation,
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it will naturally expand at a higher rate than will the
bed, which contains few, if any, moving parts. The
effect of this uneven expansion was to disrupt the paral-
lelism of the gib surfaces on which the slide was guided.
The solution utilized to overcome this problem was to
pump oil from the crown down into the bed so that it
would also experience thermal expansion thereby alle-
viating the gib surface misalignment.

SUMMARY OF THE INVENTION

In order to compensate for the effects of thermal
growth of the connections in a mechanical press, the
present invention provides a method and apparatus for
utilizing the waste heat produced by the friction be-
tween parts in the drive and guide assemblies to increase
the temperature of the uprights. Specifically, oil is cir-
culated into contact with the various components of the
drive and guide assemblies, such as the crankshaft, shde
connections, counterweight connection, main bearing
blocks, and counterweight guide pins, and this oil 1s
collected in a sump in the lower portion of the crown
crank cavity. Qil is also pumped through the main
guideposts for the slide, and this oil together with the oil
collected in the crown sump is fed by gravity to a plu-
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rality of thermal exchange devices located within the
uprights of the press.

In a specific embodiment of the invention, the oil is
directed to a cascade-type thermal exchanger which
comprises a plurality of vertically spaced baffles caus-
ing the hot oil to form a succession of pools in good
thermal contact with the respective uprights and then
drip from one pool to the next lower pool until it is
eventually collected in a sump in the bed. The collected
oil 1s then pumped upwardly to the crown for recircula-
tion through the drive and guide assemblies. The baffles
of the cascade thermal exchangers are fastened directly
to the uprights so that the oil collected from the crown
area is brought into direct thermal contact with the
uprights so that the uprights absorb a portion of the heat
and experience a gradual rise in temperature. In order to
prevent the oil from forming stagnant pools, holes are
provided in the baffles so that oil is continuously flow-
ing downwardly through the heat exchangers and into
the sump in the bed.
~ The advantage to the system of the present invention
1s that, unlike the prior art electrical heaters, no external
control circuitry is necessary to regulate the amount of
heat imparted to the uprights by the heaters. Since the
same oil is circulated through the driving assembly
including the connection arms as is brought into ther-
mal contact with the uprights, there is a natural correla-
tion between the amount of heat imparted to the con-
nections and to the uprights. If, in a certain instance, the
connections would heat up more rapidly than is normal,
such as due to a higher than normal ambient, this same
faster rise in temperature would be experienced by the
circulating oil. Since this same oil is then channeled
directly to the uprights, the uprights themselves would
be heated more rapidly so that their thermal growth
would match that of the connections. Thus, once cali-
brated, the system is self-regulating.

The amount of heat transfer to the uprights can be
very accurately regulated at the time the press is manu-
factured by modifying one or more of the physical
parameters in the thermal exchanger. For example, by
increasing the diameters or number of the openings in
the baffles, the oil will be caused to flow more rapidly
from one pool to the next. Alternatively, or in addition
thereto, the number and spacing of the baffles can be
modified so that there is more or less contact between
the hot oil and the surfaces of the uprights, or the shape
of the baffles can be modified so that a portion of the oil
drips down without ever contacting the uprights and
only a lesser portion is caused to pool. Once the system
1s fine tuned so that the proper portion of the heat in the
oil is transferred to the uprights, then no further regula-
tion by the user will be necessary, in most cases. This
avoids the necessity for making manual adjustments to a
control circuit for monitoring physical values, such as
shutheight, as would be the case with the electric heat-
ers for the uprights.

Finally, the system is energy efficient because it uti-
hzes the waste heat of the oil heated by the viscous
shear of the oil in the bearings in the crown, as opposed
to electric heaters which require an external source of
power.

Although the cascade-type thermal exchanger is pre-
ferred, other techniques for achieving thermal exchange
between the oil and uprights could be used. For exam-
ple, the oil could be flowed through passageways

within the uprights before reaching the sump in the bed.
The disadvantage to this technique, however, is that it
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4

would be difficult to calabrate and fine tune at the time
the press is built or later in a user’s factory, if such
would be necessary. With the cascade baffle arrange-
ment, on the other hand, calabration and fine tuning is
relatively easy either by modifying the baffle structure
itself or by removing the baffle and substituting a differ-
ent one in its place. The heat exchange chambers are
located on the outer surfaces of the respective uprights
80 that they are readily accessible if it should become
necessary to change the baffle plates.

Specifically, the present invention relates to a me-
chanical press having a bed, a crown, at least two up-
rights connecting the crown to the bed, a slide mounted
for reciprocal movement between the crown and the
bed, a crankshaft and connection arm assembly
mounted in the crown, the assembly comprising a rotat-
able crankshaft and at least one connection arm con-
nected to the crankshaft and driven thereby. The con-
nection arm is connected to the slide, preferably by
means of a piston and wrist pin assembly. A lubricant is
circulated in the crown into contact with the crankshaft
and connection arm assembly whereby the lubricant is
heated by frictional heat generated by the crankshaft
and connection arm assembly. The lubricant is then
flowed to thermal transfer devices on the uprights
whereupon a portion of the waste heat in the lubricant
Is transferred to the uprights in an amount to cause the
uprights to elongate due to thermal growth at approxi-
mately the same rate as the connection arm elongates
due to thermal growth.

It 1s an object of the present invention to provide a
means for achieving shutheight stability in a mechanical
press wherein heated lubricant from the crown portion
of the press is circulated through a thermal transfer
device in the uprights to cause the uprights to elongate
due to thermal expansion at the same rate as the connec-
tions.

A further object of the present invention is to provide
such a shutheight stability system wherein waste heat
generated by frictional forces in the crown is utilized as
the source of heat to increase the temperature of the
uprights.

A still further object of the present invention is to
provide a system for thermal stability in a press which
does not require an external source of energy.

Yet another object of the present invention is to pro-
vide a system for causing the uprights and connections
to thermally expand at the same rate wherein the system
18 self-regulating without the necessity of an external
control circuit.

These and other objects of the present invention will
be apparent from the detailed description considered
together with the appropriate drawing figures.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 is an exploded perspective view of the press
according to the present invention:

FIG. 2 is a sectional view of the crown and drive
assembly of the press;

FIG. 3 is a sectional view taken along line 3—3 of
FIG. 2 and viewed in the direction of the Arrows;

FIG. 4 is an enlarged fragmentary view of the sealing
arrangement for the pistons and cylinders:

FIG. § is a sectional view taken along line 5—35 of
FIG. 2 and viewed in the direction of the ATTOWS;

FIG. 6 is a fragmentary sectional view of the slide
and guidepost assembly;
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FI1G. 7 1s a sectional view taken along line 7—7 of
FI1G. 6 and viewed in the direction of the arrows:

FIG. 8 1s a sectional view of one of the thermal ex-
change devices;

FI1G. 9 1s a front elevational view of the baffle plate;

FIG. 9A is a sectional view of FIG. 9 taken along line
9A—9A; -

FIG. 10 is a diagrammatic view of the press showing
the oil recirculation system; and

FIG. 11 1s a top perspective view of the crown area of 10

the press.

DETAILED DESCRIPTION OF A PREFERRED
| EMBODIMENT

F1G. 1 1llustrates the press 11 of the present invention
in exploded form, and it will be noted that the major
subassemblies of the press are modular in nature. The
press comprises a frame 12, which is a single casting and
comprises a bed 14 supported on legs 16, four uprights
18 integral with bed 14 and extending upwardly there-
from, and a crown 20 integral with uprights 18. Bed 14
includes three horizontal chambers 22 extending later-
ally therein and being interconnected at their ends to
form a single oil sump within bed 14. As will be de-
scribed later, sump 22 receives the oil which has
dripped through the thermal exchange devices on up-
rights 18 so that it can be pumped upwardly again to
crown area 20.

Crown 20 comprises sides 24 and 28 and removable
doors 26 and 30 and a bottom 32 integral with sides 24
and 28. It will be noted that the crown 20 terminate in
an upper edge 32 so that the top of crown 20 is open.
Vertical web-like partition members 34 are also integral
with sides 24,28 and bottom 32. A pair of bearing sup-
port pads 36 are integral with partition elements 34 and
bottom 32 and each include a very accurately machined
bearing block support surface 38 which is parallel with
the surface 40 of bed 14 on which bolster plate 42 is
mounted. The sides 24-30 and bottom 32 of crown 20
together define the crank chamber indicated as 44.

As will be described in greater detail at a later point,
crown 20 i1s open in the upward direction so that the
drive assembly 46 can be inserted vertically therein in a
completely assembled form as a modular subassembly.
After the drive assembly 46 is in place, coverplate 48 is
bolted to crown 20 and motor assembly 50 is mounted

thereon.
Bolster plate 42 to which bolster 52 is mounted is

bolted to the upper surface 40 of bed 14, in a manner to
ensure that the upper surface 54 of bolster 52 is abso-
lutely parallel to the bearing block support surfaces 38
of bearing support pads 36 in crown 20. In a manner
well known in the art, bolster 54 is adapted to have the
lower half of the die set (not shown) mounted thereto.

Slide 56 is mounted on four guideposts 58 (FIG. 6)
that are rigidly connected to and depend downwardly
from crown 20 and is adapted to slide over the guide-
posts 1n a rectilinear manner within the opening 60
between crown 20 and bolster 54 and between the left
and right pairs of uprights 18. Slide 56 comprises a
center portion 62, four web members 64 extending out-
wardly therefrom in a horizontal direction, and four
bushing assemblies 66 integrally connected to web
members 64. Web members 64 are relatively thin in
relation to their height so that the mass of the slide 56
can be maintained as low as possible yet there is suffi-
cient stiffness and rigidity to resist deformation in the
vertical direction. By way of example, web members 64
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could have a thickness of 2.5 inches and a height of 5.5
inches. The bushing assembly 66 each comprises’ an
opening 68 extending completely therethrough and
adapted to receive and be guided by guideposts 58
(FIG. 6). A slide plate 70 is removably mounted to the
lower surface of slide 56 and includes a drill hole pat-
tern suitable for the particular die set used.

Referring now to FIGS. 2 through 5, the drive assem-
bly 46 will be described in greater detail. Drive assem-
bly 46 comprises a crankshaft 72 having three eccentrics
74, 76 and 78 thereon, crankshaft 72 being rotatably
supported within main bearing blocks 80, which are
supported on the upper support surfaces 38 of pads 36.
Bearing blocks 80 are of the split type and each com-
prise a cap 82 connected to the lower portion thereof
and to pads 36 by bolts 84. Main bearings 86 are
mounted within bearing blocks 80 and the portions 88 of
crankshaft 72 are journaled therein.

A brake disc 90 1s frictionally mounted to the right-
most end of crankshaft 72 as viewed in FIG. 2 by means
of Ringfeder 92, and a brake caliper 94 is mounted to
bracket 96 by stud and nut assembly 98 such that it
engages brake disc 90 when energized. Bracket 96 is
connected to cover plate 48 by screws 100.

Still referring to FIG. 2, a clutch hub 102 is friction-
ally clamped to crankshaft 72 by Ringfeder 104, and has
a plurality of calipers 106 rigidly connected thereto by
bolts 108. A flywheel 110 is rotatably supported on
crankshaft 72 by bearings 112 and is driven by a flat belt
114. Belt 114 s disposed around motor pulley 116,
which i1s driven by motor 50. When motor 50 is ener-
gized, flywheel 110 constantly rotates but does not
drive crankshaft 72 until clutch calipers 106 are ener-
gized. At that time, the friction disc 118 of flywheel 110
1s gripped and the rotating motion of flywheel 110 is
transmitted to crankshaft 72 through calipers 106 and
hub 102. Solid-state limit switch 120 is driven by a pul-
ley and belt arrangement 122 from the end of crankshaft
72 and controls various press functions in a manner well
known in the art. Rotary oil distributor 124 supplies oil
to the left end of crankshaft 72.

Motor 50 is connected to cover plate 48 by means of

" bracket 126 connected to mounting plate 128 by bolts
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130, plate 128 being connected to cover plate 48 by
studs 132 and lock nuts 134, 136, and 138, The tension
on belt 114 can be adjusted by repositioning plate 128 on
studs 132 by readjusting the positions of lock nuts 134
and 136 along studs 132.

In the preferred embodiment, the drive assembly 46
comprises two connection assemblies 140 each compris-
Ing a connection arm 142 having a connection cap 144
connected thereto by stud and nut assembly 146. Bear-
ings 148 are disposed between the respective connec-
tion arms 142 and the eccentrics 74 and 78 of crankshaft
72. Connection assemblies 140 are similar to those dis-
closed in U.S. Pat. No. 3,858,432, which is owned by
the assignee of the present application, and comprise
pistons 150 rotatably connected to connection arms 142
by wrist pins 152 and bearings 154. Keys 156 lock wrist
pins 152 to pistons 150.

Pistons 150 are slidably received within cylinders
158, the latter including flanges 160 connected to the
lower surface 162 of crown 20 by screws 164 and sealed
thereagainst by O-rings 166 (FI1G. 4). Seals 168 provide
a shiding seal between pistons 150 and their respective

cylinders 1358 and are held in place by seal retainers 170
and screws 172 (FIG. 4).
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The press 11 is dynamically balanced to counteract
the movement of connection assemblies 140 and slide 62
by means of a balancer weight 176 connected to the
eccentric 76 of crankshaft 72 by counterbalance con-
nection arm 178 and wrist pin 180. Bearings 182 and 184
have eccentric 76 and wrist pin 180, respectively, jour-
naled therein, and key 186 locks wrist pin 180 to weight
176.

Referring to FIG. 3, it will be seen that weight 176 is
guided by means of a pair of guide pins 188 connected
to the lower surface 162 of crown bottom 32 by screws
190 extending through flange portions 192. Guide pins
188 are received within openings 194 and guided by
bearings 196. An axial passageway 197 conducts lubri-
cating oil to groove 198 1in order to lubricate the inter-
face between pins 188 and their respective bearings 196.
It will be seen that the position of eccentric 76 relative
to eccentrics 74 and 78 on crankshaft 72 1s 180° out of
phase so that weight 176 moves rectilinearly in the
opposite direction as pistons 150 and slide 62 in order to
dynamically balance the press. Pins 188 are parallel to
guideposts 58 so that slide 62 and weight 176 move in
opposite directions vertically.

Reterring now to FIGS. 6 and 7, the guiding of shide
62 will be described. Four guideposts 58 are rigidly
connected to the bottom 32 of crown 20 by means of
flanges 200, with screws 202 connecting flanges 200 to
crown 20 and screws 204 connecting guideposts 58 to
flanges 200. There are four such guideposts connected
to crown 20 in a symmetrical pattern in alignment with
the openings 68 1in bushing portions 66 of slide 56, and it
will be noted that, unlike prior mechanical presses,
guideposts 58 have distal ends 206 which terminate
short of bed 14. In prior art mechanical presses, it is
more common to utilize tie rods extending from the
crown to the bed on which the slide ts guided, or the
slide 1s guided by gib surfaces fastened to the corners of
the uprights. As discussed earlier, the relatively short
extension of guideposts 58 and the fact that they are
connected only to the crown 20 is advantageous in
ensuring that they are parallel to each other, a condition
which is imperative if slide 56 is to move perpendicu-
larly relative to bolster 52.

A pair of seal plates 208 and 209 are connected to the
upper and lower ends of bushing portions 66 and con-
tain seals 210 and 212 and O-rings 214 and 216, respec-
tively. Bearings 218 having a spiral groove 220 therein
are received within openings 68 in bushing portions 66
of slide 56 and serve to establish o1l films between them
and the outer surfaces of guideposts 58 as slide 56 recip-
rocates. A pair of radial passages 222 are connected
with a pair of axial passages 224, and oil is supplied to
spiral groove 220 through slot 226 from axial passage
228. Oil 1s supplied to passage 228 from hose 230
through fittings 232, 234, 236 and nipple 238, and is

conducted away from guideposts 58 through drains 240
and 242.

Slide 62 i1s connected to the protruding ends of pis-
tons 150 by screws 244 extending through the central
portion 62 of slide 56, and slide plate 70 is connected to
the shide center portion 62 by screws 246. As shown in
FIG. 2, pistons 158 extend through openings 248 in the
bottom 32 of crown 20).

As crankshaft 72 rotates, connection arms 142 recip-
rocate pistons 150 within cylinders 158 along axes paral-
lel to the axes of guideposts 58. Although guideposts 58
gutde slide 56 with very close tolerances, a front-to-
back tilting problem has been observed in connection
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with slide 56 as it is reciprocated. As the eccentrics 74
and 78 of crankshaft 72 move beyond their top dead
center positions, they transmit to pistons 150 not only a
component of force in the vertical direction, but also a
horizontal component which, due to the rigid connec-
tion between pistons 150 and slide 56, tends to cause
slide 56 to tilt about a horizontal axis parallel to the axis
of crankshaft 72. Not only does this tilting movement of
slide 56 result in accelerated wear of the guide bearing
surfaces, but can result in unsatisfactory performance of
the press in precision forming and stamping operations.

In order to counteract this tilting force precisely at
the point that is i1s exerted on pistons 150, a pair of hy-
drostatic bearings 250 and 252 are provided in cylinders
158 at positions directly opposite each other in a front-
to-back direction intersecting the axis of pistons 150 and
lying along lines which are intersected by the respective
wrist pins 152 as pistons 150 are reciprocated. This
relationship is tllustrated in FIG. § wherein the slide is
shown 1n 1ts bottom dead center position. Fluid is sup-
plied to hydrostatic bearings pockets 250 and 252
through passages 254 and 256, respectively. The pres-
surized hydraulic fluid exerted at the four points shown
resist the tendency of pistons 150 to tilt in the front-to-
back direction, and because the hydrostatic forces ap-
plied in the area of the wrist pins 152, the maximum
resistive effect of the forces is realized.

With reference now to FIGS. 2, 6, 8, 9 and 10, the oil

distribution and thermal stability system of the press
will be described. As shown in FIG. 10, the lubricating

o1l 260 collects in sump 22 in bed 14 and is pumped by
pump 262 upwardly through fluid line 264 to crown 20.
Fluid line 266 connects to rotary oil distributor 268 that
has an outlet connected to an axial passageway 270 in
crankshaft 72. The oil flows from axial passageway 270
to bearing 86 through radial passages 272 in crankshaft
12, to bearing 148 through axial passages 274, to bearing
182 through axial passages 276, to bearing 148 through
axlal passages 278, and to bearing 86 through axial pas-
sages 280. Q1] 1s supplied to wrist pin bearings 154 and
184 through passages 282 in connection 142 and passage
284 in dynamic balancer connection 178. The oil, which
picks up heat from the drive assembly drains down-
wardly and is collected in a very shallow sump 286
within crown 20 and is drained therefrom through
hoses 288. As shown in FIG. 2, a pair of sheet metal oil
guards 290 are connected to partition members 34 and
sealed thereagainst by seals 292. Guards 290 serve to
seal the central portion of crank chamber 44 and permit
all of the otl to be collected in its sump 286.

In order to compensate for the thermal growth of
connections 142 due to the frictional heat generated as
press 11 operates, heat is imparted to uprights 18 by
means of circulating the oil from crown 20 through four
thermal exchange devices 296 mounted on each of the
uprights 18. In order that the uprights 18 elongate at the
same rate as the connection assemblies 140 so that a
constant shutheight 1s maintained, it 1s necessary that
the following relationship be satisfied:

LdTar,=L,dT,a,

wherein L. is the length of the connections 142, dT, is
the change in temperature of the connections 142, L, is
the length of the uprights 18, dT, is the temperature
change of the uprights, and a., a, are the coefficients of
thermal expansion. What must be done is to impart the
proper amount of heat per unit time to uprights 18 so
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that their change in temperature per unit time is proper
to balance the equation given the change in temperature
of the connections 142.

The thermal exchange device for accomplishing this
according to the preferred embodiment of the invention
is shown in detail on FIGS. 8 and 9 and comprises a
stamped baffle plate 298 made of a material which may
be a good thermal conductor, such as aluminum, or
even a poor thermal conductor, such as molded plastic.
Baffle plate 298 has a plurality of baffles 300 formed
therein each adapted to hold a small pool of the hot oil
drained from crown 20. Baffle plate 298 is mounted
flush against the inner surface 302 of the respective
upright 18 so that the individual baffles 300 cause the
pools of oil to be held against the surface 302 of the
upright 18. Baffle plates 298 are mounted to uprights 18
by screws 304. Also mounted to uprights 18 by screws
305 are four cover plates 306. Oil from sump 286 in
crown 20 is conducted to the chambers formed between
cover plates 306 and the inner surfaces 302 of the re-
spective uprights by fitting 308, hose 288, fitting 312 and
tee 314. Most of the oil is caught by the uppermost
baffle 300 and held momentarily in contact with the
inner surface 302 of respective upright 18. A plurality of
holes 316 are formed in baffles 300 and cause the oil to
drip from one baffle to the next so that the oil cascades
down the baffles 300 of baffleplate 298 until it reaches
outlet fitting 318. By means of this device, the hot oil
from crown 20 is formed into a plurality of verticaily
spaced pools and held momentarily in contact with the
upright so that a portion of its heat, which is the waste
heat generated by friction in the crown 20, 1s imparted
to the upright. The amount of heat which is transferred
can be readily adjusted by varying the size of openings
316, by changing the spacing of baffles 300, by changing
the size of baffles 300, and other possible alternatives.
When the press is manufactured, the baffles plates 298
will be fine tuned so that the proper heat transfer oc-
curs.

After the oil has drained through the heat transfer
devices 296 and the uprights 18, it 1s conducted by
fitting 322 and hose 324 to the sump 22 within bed 14.

Lubricating oil is pumped to guideposts 88 through
hoses 230, fittings 232, 234, 236 and nipples 238 (FIG.
6), and the return oil 1s conducted to fitting 314 (FIG. 8)
through fitting 326, hose 328 and fitting 330. Once the
oil has reached sump 22, it is again circulated to crown
20 by pump 262 and hose 264. Thus, the oil is continu-
ously recirculated to the crown wherein it picks up
waste heat generated by the frictional forces in the
drive assembly, waste heat generated by the frictional
forces in the drive assembly, drains through the thermal
transfer devices 296 on the uprights 18 whereupon the
proper amount of heat is transferred to the uprights 18
so that they will thermally expand at the same rate as
connections 142, and is collected in the sump 22 and bed
14 for recirculation to crown 20. The advantage to this
type of thermal stabilization system over the prior art
techniques of utilizing electric heaters is that there is a
direct relationship between the temperature of the oil
and the temperature of the connections, and by using
this same oil to heat the uprights, the system can be fine
tuned so that thermal expansion of the uprights 18 and
connections 142 occurs at the same rate.

As alluded to earlier, press 11 is modular in nature
and the major subassemblies thereof can be installed in
preassembled form. This is particularly advantageous in
connection with the drive assembly 46 comprising
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10
crankshaft 72 to which is attached the connections 142
and 178, pistons 150, weight 176, brake disc assembly
90, flywheel 110 and clutch caliper assembly 106, 102.
Crown 20, which is integral with uprights 18, includes a
drive assembly chamber 44 defined by sides 24, 26, 28
and 30 and bottom 32, and is open in the upward direc-
tion. When the entire drive assembly has been preassem-
bled, it can be lowered into crank chamber 44 as shown
in FIG. 1 to the position shown in FIG. 11. The lower
portions of the main bearing blocks are first emplaced
on the upper surfaces 38 of pads 36, the drive assembly
is then lowered into place on the lower halves 80 of the
bearing blocks, the top halves are emplaced and then
fastened to the lower halves and to pads 36 by bolts 84.

After the drive assembly is in place, the cover plate
48 is attached to crown 20 and brake caliper and bracket
assembly 94, 96, 98 is inserted through opening 333 to
the position illustrated in FIG. 2, whereupon it 1s se-
cured in place by screws 100. Motor assembly 50 is then
mounted to cover plate 48. Limit switch 120 i1s driven
by the pulley on the end of crankshaft 72, and the belt
122 extends into chamber 44. |

As drive assembly 46 is lowered into crown chamber
44, pistons 150 are guided through openings 248 (FIG.
2) in crown 20 so that they protrude beyond the lower
surface 162 of crown 20. Cylinders 158 can either be
installed prior to the installation of drive assembly 46 or
afterwards by pushing them upwardly through open-
ings 248 and then holding them in place. Next, slide 56
is mounted to pistons 150 by screws which extend
through the central portion 62 thereof. As the drive
assembly 46 is lowered into chamber 44, the main bear-
ing block portions 80, 82 pass between partition webs 34
(FIG. 1). The drive belt 114 from motor 50 to flywheel
110 extends through a notch 335 in top cover plate 48,
which 1s shown in FIG. 1.

Side members 26 and 30 of crown 20 are removable
so that the hydraulic connections and other adjustments
can be made in connection with fluid unions 124 and
268. Bolster 52 and bolster plate 42 are mounted to bed
14 in the customary manner.

While this invention has been described as having a

- preferred design, it will be understood that it 1s capable

45

50

55

63

of further modification. This application is, therefore,
intended to cover any variations, uses, or adaptations of
the invention following the general principles thereof
and including such departures from the present disclo-
sure as come within known or customary practice in the
art to which this invention pertains and fall within the
limits of the appended claims.

‘What ts claimed 1s:

1. A mechanical press comprising: a bed; a crown; at
least two uprights connecting the crown to the bed; a
slide mounted for reciprocal movement between the
crown and bed; a crankshaft and connection arm assem-
bly mounted in the crown, said assembly comprising a
rotatable crankshaft and at least one connection arm
connected to said crankshaft and driven thereby; means
for connecting said connection arm to said slide; means
for circulating a lubricant in said crown into contact
with said crankshaft and connection arm assembly
whereby the lubricant is heated by frictional heat gener-
ated by the crankshaft and connection arm assembly;
and thermal transfer means on said uprights for receiv-
ing the heated lubricant from the crown and transfer-
ring a portion of the waste heat in the lubricant to the
uprights in an amount to cause the uprights to elongate
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due to thermal growth at approximately the same rate
as the connection arms elongate due to thermal growth.

2. The press of claim 1 wherein said means for circu-
lating lubricant in the crown comprises passageways in
said crankshaft and connection arms, a pump means for
pumping the lubricant through the passageways, and a
lubricant sump in the crown. |

3. The press of claim 2 wherein said thermal transfer
means comprises a cascade baffle device mounted on
each of the uprights having a plurality of vertically
spaced baffles, and including a gravity flow fluid pas-
sage between said crown sump and said cascade baffle
device.

4. The press of claim 3 including a lubricant sump in
sald bed connected to a lower portion of the cascade
baffle device by a second gravity flow fluid passage.

3. The press of claim 1 wherein said thermal transfer
means each comprises: a chamber wherein one wall of
the chamber is defined by a surface of the respective
upright, a lubricant cascade device comprising a plural-
ity of vertically spaced baffle means adjacent said sur-
face of the respective upright and forming with said
surface a plurality of reservoirs each adapted to tempo-
rarily pool a small quantity of the lubricant against the
surface of the upright and permit the pooled lubricant to
drop to the next lower baffle means.

6. The press of claim 5 wherein said baffle means are
in contact with the surface of the respective upright and
include at least one opening through which the lubri-
cant drips to the next lower baffle means.

7. The press of claim 6 wherein each of said baffle
means forms an acute angle with the surface of the
respective upright.

8. The press of claim 6 wherein said baffle means are
made of a thermally conductive metal.

9. The press of claim 1 wherein said thermal transfer
means comprises means associated with each upright
for forming a plurality of pools of the lubricant received
from the crown and means for causing the lubricant to
flow from one pool to the next, said pools of lubricant
being in good thermal contact with the respective up-
right. o

10. The press of claim 9 wherein said means for form-
ing pools of lubricant comprises a plurality of vertically
spaced baffle means for holding the pools of lubricant
directly against the surface of the respective upright
and permitting the lubricant in the pools to drop by
gravity to the next lower pool.

11. In a mechanical press having a crown, a bed,
uprights connecting the crown and bed and a crankshaft
and connection arm assembly for reciprocating a slide
along a direction substantially parallel to the uprights, a
method for preventing a change in press shutheight due
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to elongation of the connection arms as the press heats
up comprising:

circulating a liquid lubricant in the crown over the

crankshaft and connection arm assembly thereby
causing the lubricant to absorb waste heat from the
crankshaft and connection arm assembly,

flowing the lubricant from the crown to a thermal

transfer device on each of the uprights and causing
a controlled amount of the waste heat absorbed by
the lubricant from the crankshaft and connection
arm assembly to be transferred to the uprights, the
amount of heat transferred to the uprights being
controlled so that the change in temperature of the
uprights causes the uprights to elongate due to
thermal growth at the same rate as the connection
arms elongate due to thermal growth.

12. The method of claim 11 wherein the lubricant is
contacted with the crankshaft and connection arm as-
sembly by pumping the lubricant from a sump through
passages in the crankshaft and connection arm assem-
bly, collecting the heated lubricant in a sump in the
crown, and causing the heated lubricant from the
crown sump to flow under gravity to the thermal trans-
fer devices. "

13. The method of claim 11 wherein the heat lubri-
cant from the crown is flowed by gravity through a
series of vertically spaced pools of lubricant associated
with the respective uprights wherein the pools are in
good thermal contact with the respective upright.

14. The method of claim 13 wherein the lubricant in
each pool is in direct contact with its respective upright.

15. The method of claim 13 wherein the thermal
transfer device comprises a plurality of vertically
spaced baffles which form the pools, the baffles each
including at least one opening therein through which
the lubricant flows from that baffle to the next lower
baffle, and including the step of adjusting the amount of
heat transferred to the uprights by adjusting the sizes of
the openings thereby causing the lubricant to flow
through the baffles at a higher or lower rate.

16. The method of claim 13 wherein the amount of
heat transferred to the uprights from the pools of lubri-
cant 1s adjusted by modifying the rate at which the
lubricant flows through the series of pools.

17. The method of claim 13 wherein the thermal
transfer device comprises a plurality of vertically
spaced baffles which form the pools, the baffles each
including openings therein through which the lubricant
flows from that baffle to the next lower baffle, and
including the step of adjusting the amount of heat trans-
ferred to the uprights by increasing or decreasing the
number of openings in the baffles thereby causing the
lubricant to flow from one baffle to the next at a higher

or lower rate.
| &% * r | i
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